SUMMARY An ocular pneumoplethysmograph was devised to measure the systolic pressure in the ophthalmic artery and to obtain calibrated pulse volume changes from the ocular globe, with simultaneous recording from both eyes. The instrument is selfcontained and portable. It can be applied by paramedical personnel, and the graphic recording is readily interpreted by the physician. It has proved to be 100% accurate in noninvasively detecting unilateral carotid occlusion or preocclusive stenosis. This technique, when combined with carotid compression, has been shown to be most valuable in assessing the tolerance of a cerebral hemisphere to proximal carotid occlusion. It was used to evaluate a wide variety of carotid arterial lesions. Elective carotid resection without graft replacement and urgent and elective carotid ligations were performed, based on the preoperative prediction that such procedures would be tolerated without neurological injury. The instrument and the technique of its application are simple, safe, and accurate.
A SIMPLE, SAFE, reliable means of mass screening is an essential element of any stroke prevention program. Whatever the method, its application must be within the competence of paramedical personnel. Interpretation of results should be within the capability of the screening physician. An ocular pneumoplethysmograph was devised to fulfill these requirements. The instrument measures the systolic pressure of the ophthalmic artery and obtains a calibrated pulse volume from both eyes, simultaneously. This report includes a description of the physiology of its application and a summary of the plethysmographic findings in 59 patients with documented unilateral carotid occlusion or severe (more than 75%) carotid stenosis.
The technical aspects of the instrument:): have been described elsewhere. 1 The technique requires the application of suction to the sclera as a method of elevating the intraocular pressure. A small cup is applied to the sclera, lateral to the cornea, and a partial vacuum is applied to the cup.
There is a precise relationship between the degree of vacuum applied and the resulting elevation of the intraocular pressure. 2 A numerical representation of this correlation is found in table 1 (A). If the intraocular pressure exceeds the systolic pressure in the ophthalmic artery, blood flow to the eye ceases, and the eye itself no longer pulsates. The instrument contains three transducers and a three-channel recorder. Two of the transducers are designed to sense the return of ocular pulsations, as the intraocular pressure induced by the applied vacuum falls to a level below the systolic pressure in the respective ophthalmic arteries. The third transducer measures the degree of vacuum applied simultaneously to both eye cups. Although the recording is obtained during a continuous decrement of the applied vacuum, a clearer explanation of the ocular changes induced by the various levels of vacuum can be derived by examining these continuous changes at three static levels. Figure 1 shows the ocular changes induced by a vacuum which creates an intraocular pressure in excess of the systolic pressure in the ophthalmic artery. No pulse is recorded from the eye during either phase of the cardiac cycle. Figure 2 shows these changes when the intraocular pressure is less than the systolic, but greater than the diastolic pressure. A small pulse is recorded from the eye. Figure 3 shows the ocular changes when the intraocular pressure is less than the diastolic pressure in the ophthalmic artery, during which the ocular pulsation is uninterrupted.
Experimental Application
As previously noted, the instrument contains its own three-channel recorder, but it is provided with jacks for transmission of the transducer signals into a multichannel recorder. Figure 4 is a diagram of the experimental arrangement. Direct blood pressure measurements were obtained from both carotid arteries during simultaneous application of the ocular pneumoplethysmograph. Figure 5 represents the tracings obtained from a dog before and during left carotid occlusion. During occlusion the left eye pulse was considerably delayed over the right eye pulse. The onset of pulsation in the left eye was noted at an applied intraocular pressure of 60 mm Hg (eyecup vacuum = 90 mm Hg), which was precisely the systolic carotid back pressure being measured in the left common carotid artery, distal to its occluding clamp. Multiple animal experiments were performed in which the systolic carotid back pressure was compared with the degree of partial vacuum at which a pulse was first noted in the eye ipsilateral to the carotid occlusion. These data are correlated in table 1 (B).
Clinical Application
The patient was usually placed in the supine position, but any position which allowed access to the eyes was acceptable. The sclerae were anesthetized with an appropriate ophthalmic solution. Each eyecup was placed on its respective sclera lateral to the cornea, with the anterior rim of the eyecup bordering the limbus. The eyecups were held in position, and a foot switch activated the vacuum. This freed both hands of the examiner for switch manipulation on the recorder. The tracing took approximately 30 seconds. The patient was informed that transient loss of vision may be experienced during application of the vacuum, especially if the systemic b'ood pressure was normal. The systemic blood OCULAR PNEUMOPLETHYSMOGRAPHY/Gee et al. pressure was recorded at the time of the test. A history of ocular injury or operation, within six months, was a contraindication to the test. The instrument was not applied if a patient had a spontaneous retinal detachment, or if he was allergic to local anesthetics or epoxy materials.
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More than 700 ocular pneumoplethysmographic studies have been performed on more than 400 patients at the two institutions. Sixty-seven patients had differences in the plethysmographic findings in the respective eyes. Six of the 67 patients did not have angiographical confirmation of the carotid lesions suspected by plethysmography. They were not included in this summary. Two of the 67 patients had angiographical confirmation of unilateral ophthalmic artery occlusion on the side appropriate to the plethysmographic findings, but neither had significant carotid lesions. These two patients were considered to be false-positive for the purposes of this report. The remaining 59 patients had carotid lesions confirmed either by angiography or by operation, and the findings are outlined in table 2. Of the 13 patients with stenosis rather than occlusion, the stenosis was estimated as 90% or more (preocclusive) in seven patients, and between 75% and 90% in six patients. Several patients with a unilateral stenosis between 75% and 90% have been studied, in addition to the six listed above, who had negative plethysmographic findings. No patient has ever been encountered, with a documented unilateral carotid occlusion or preocclusive stenosis, who did not have positive plethysmographic findings. These data allow two conclusions. The first is that the ocular pneumoplethysmograph was 100% accurate in detecting patients with unilateral carotid occlusion or preocclusive stenosis. The second is that the instrument may detect many stenoses of severe, but not yet preocclusive, degree. There are additional considerations in nine of the 59 patients listed in table 2. Five of the nine patients underwent carotid resection without graft replacement during en-bloc resection of recurrent carcinoma of the neck, following a previous radical neck dissection in conjunction with radiation therapy. Four of the nine patients underwent internal carotid ligation for treatment of pseudoaneurysms of the distal extracranial internal carotid arteries. These nine patients were selected for operation on the -basis of preoperative plethysmographic studies in conjunction with proximal common carotid compression. In each case the preoperative prediction was that the patient would tolerate carotid resection or ligation without neurological deficit. In all nine cases, operative measurement of the internal carotid back pressure was 60 mm Hg or more, as predicted by the preoperative plethysmographic studies. One of nine patients had a prolonged hemiparesis as a result of systemic hypotension in the immediate postligation period. The remaining eight patients tolerated the respective procedures well. No conscious patient has ever been encountered who had an ophthalmic systolic pressure of less than 60 mm Hg, by ocular pneumoplethysmography. It is presumed that a figure lower than this is incompatible with life. There is other evidence to support this assumption. 3 5 A study is currently underway in which patients with asymptomatic carotid bifurcation bruits are evaluated with the ocular pneumoplethysmograph in conjunction with carotid compression. If compression of the proximal common carotid artery on the same side as the carotid bruit results in an ophthalmic systolic pressure of less than 50 mm Hg, it is presumed that, should the carotid bifurcation stenosis proceed to occlusion, the patient would have a stroke. Of 22 such patients, 13 were selected for angiography. Six of the 13 patients had stenoses of 75% or more, and these six patients underwent carotid endarterectomy. Three of the six patients underwent subsequent major abdominal aortic procedures. All of the procedures were uneventful.
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The safety of carotid compression has been documented. 6 Adherence to certain criteria is essential. Paramedical personnel should not do carotid compression. The vessel is compressed low in the neck, for a maximum of 30 seconds. The common carotid bifurcation is ordinarily readily palpable. If it is not palpable, the possibility of a bifurcation low in the neck must be considered, and compression deferred until angiography proves otherwise. Common carotid lesions at the sites designated for compression are unusual, but they do B.
C. 
Comments
Ocular pneumoplethysmography is proposed as a simple, safe, accurate method for screening patients for unilateral carotid occlusion or preocclusive stenosis. In combination with carotid compression, it has proved quite valuable in assessing the tolerance of a cerebral hemisphere to carotid occlusion, whether this be the result of resection, ligation, progression of atherothrombosis, or temporary operative clamping. The instrument is self-contained and portable, and its operation and application are well within the province of paramedical personnel.
Introduction
RECENT investigations of cerebral edema have drawn attention to the adverse effects of edema on regional cerebral blood flow (rCBF) and brain metabolism. found that rCBF was inversely related to tissue water content in global brain edema produced by water intoxication, and Frei et al., 4 from the same laboratory, presented evidence that a reduction in high energy phosphate metabolism occurred in regions adjacent to an acute experimental cold lesion. This impairment of metabolism has been attributed to compression or squeezing of the microcirculation by edematous brain, thus producing local tissue ischemic hypoxia. Because this reduction in high energy metabolism occurred in the absence of a significant increase in intracranial pressure (ICP) or a reduction in the general cerebral perfusion pressure, Poll et al. 5 suggested that local increases in tissue pressure, resulting in tissue pressure
